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Change in a Small Ecosystem

An Environmental Irvestigation

BY
NATIONAL WILDLIFE FEDERATION

MINNESOTA ENVIRONMENTAL SCIENCES FOUNDATION, INC,

&

Desipn and Hustrations

by
JANBLYLER

The natural and the man-made worlds are divided into rela-
tively distinct units called communities. All communities have
features which set them apart from each other. 1t is easy, for in-
stance, to distinguish between a prairie and a forest, a pond and
a stream. But communities are rarely stable entities. With time,
they undergo a variety of changes and sometimes transform into
completely different units. At times, even short-term changes—
day to night, seasonal, etc.—can be detected.

A patterned sequence ol change in a community is
called succession. In a sense, the development of a village into
a town into a city into a big city is similar to succession in a na-
tural community. Ordinarily, growth in a population center like
a village or town is a self-perpetuating process. The same is true
of natural communities. For example, certain patterns of events
occur which cause a pond to become a marsh. In time, the
marsh may be transformed into a prairie or forest.

As the features of a community undergo change, so do its
members. A pond may have once contained a sizeable number
of fish, but as it is transformed into a marsh, the kinds of fish it
can support will change. Eventually all fish will disappear and
new life forms will appear in the marsh. Deer may now rest iti or
near it instead of being ornly transient visitors.

This unit is about communities and succession. The impii-
cations of the unit can be far-reaching. We hope the activities
provided will help your students grasp the concept of succes-
sion and that gaining this understanding will, in turn, help them
appreciate how change affects all environmental neighbors.
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INTRODUCTION

Studies of succession are usually carried on over periods of years be-
cause community change is a slow process. However, Change in a Small
Ecosystem describes a method for investigating community changes which
may occur in a short period of time. The unit has the class consider changes
in small aquariums create.} from water sampies of a nearby water source. In
this case, the aquariums are actually jars of quart size and smalier,

In the unit, studen!s will collect and periodically examine water
samples. Over a period of time there will be changes in the numbers and
types of organisms in the water. Exactly what will happen cannot be pre-
dicted because it wil' di ;:end upon the contents of the original source of
water and upon conditic . in the aquarium. In general, though, certain or-
ganisms may at first be bundant and then appear to die off. A different
type of organism may be me evident in large numbers only to disappear in
time. The children may -0 observe that one or more organisms are always
present in large number- . hile others seem to disappear and reappear every
so often. There is no gu: ..ntee, of course, that what happens in one micro-
aquarium will happen in. nother.

The activity which . i:idren observe in their small aquariums will be
representative of aclivity which would take place in the larger body of
water from which their samples were drawn. But conditions in an aquarium
are not the same as these in a pond, stream, or water-filled ditch. As
changes occur in the aguariums, you will want to caution the children
against drawing exact paraliels between their micro-communities and the
natural commumiy.

Although specific events and relationships are unpredictable, the gen-
eral pattern of events will not be haphazard. Through observation and dis- .
cussion, the children should come to realize that a kind of pattern does exist
among the various events occurring in the aguariums, While the activitic 5
of this unit are primarily directed toward investigating those particiular
events, thc materials should lend themselves to a wide variety of related in-
vestigations. In the back of this unit there are some suggestions for further
activities.

MATERIALS

quart jars & lids—mayonnaise, soda straws

peanut butter, etc., smaller jars cotton

with lids plastic bucket
water plastic bags
MiICroscopes thermometers
hand lens—10x & 15x type brewer's yeast or flakes
microscope slides and cover slips of uncooked cereal
methyl cellulose {optional) rubber bands
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Change in a Small Ecosystem

Pre-Field Trip

Before the students begin the field trip you might
want to select and investipate a nearby source of
water. Check tor small but visible living material in
the water. A pond. water-filled ditch. a marsh or a
swamp area are all excelient sources of water rich in
microorganisms {'stimate the time needed to get to
the area and back "o that you may plan your field trip
schedule. In selecting the site also consider its ac-
cessibility for the children, the depth of the water
source and the ownership of the property.

Several days before the field tnip, ask each child
to bring to class a container which could be used as
an aguarium. Peanut butler, mayonnaise, or baby-
food jars are all suitable for use as smail individual
aquarniums. Each jar should be labeled with its
owner's name and set aside for the time being. You
will also want to have jar lids or other covering mate-
rial available to use later on to prevent evaporation
Make sure you have all the equipment you will need
{see Materials list on previous page) so that the chil-
dren may begin their obse vations immediately when
they return from the field. Before going to the field
site, you will also want to duplicate the water sample
collection card in the back of the book. page 12,
and hand out a copy to each student.

Fleld Trip

A N 34 ’ . ST e
thermometers \

\\:‘{\\1 .

The students shouid wear clothing appropriate for
the tield: old shoes, jackets, boots, etc. Discuss what
special safety precautions will be necessary if the
water is deep.

Each student should be given a plastic bag, a rub-
ber band, and a water sample collection card. AZdi-
tionial materials such as thermcmeters, nets and
buckets may be distributed among the students so
they can heip carry these to the field site.

When the students reach the site, remind them to
be careful while they are collecting samples. If the
body of water is large enough, students should each
select a site along the bank or shore which offers
easy access to the water and where there i1s no dan-
ger of their failing in. Plastic bags should be dipped
into the water and half filled. Each student can also
collect a small handful of debris such as mud, leaves,
and sticks and place it in his water sample. {Many
organisms cling to such debris, so rollecting it witl
provide a rich sample of various organisms. The
nets should be handy for collecting the debris.)

Have each student take the temperature of the
water at the spot ‘where he has taken his water sam-
ple. As the students take the temperatures, have
them record the readings on their collection cards.
At this time, you will also want to have them take an

7
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awr temperature reading tor thewr cards. They should
3150 take note of other Charactenistics of the pond or
stream which they will want to include in their de-
scriptive data.

When each student has taken a sample, have him
close tis bap with a rubber band. Then he should
take a tew minutes to compiete his collection card
describing the site, weather. and so torth. If time
permits, you wili probably want the students to re-
turn to the classtoom immediately in order to begin
exam.ning the water.

Wate: Sample Colection Card

StudentName Susaon S
Date of Collection Qpri: 23
Collection Site Description Smalil pord

berund school short grass ond
shallow water, Somple toKewn
neor €4ge, gothercd SHicKs + leoves
Weather Qir Yewp. T5° overcast
voned yestrerdoy.

Condition ot Water Clear o slighfly
cloudy, no odor, Yemp ©0°

Just before leaving the field site, collect one or
two buckets of water for yourself. Be sure to include
some mud., sticks, stones, etc. You can use this water
to fill an aquarium or some gallon jugs which can
serve as larger samples for classroom observations.

Classroon: Activities

1. Preliminary Observations

As soon as the students return to the classroom,
have them transfer their samples to their jars. (Make:
sure all the jars have been labeled with the names
of the owners.) The students should have the oppor-
tunity to make general examinations of their samples.
Distribute hand lenses and paper to each student.
Suggest that they draw or describe in words some of
the things they see. Some students may become so
involved in observing that they will not, at this time,
want to stop and make records. If such an assign-
ment seems to interfere with their natural inclina-
tions to “just look.” it would be test not to press

them. Eventually vou will want them to collect their
observations in a notebook for reference purposes,
but if they appear to be enjoying the act of observing,
they could start their notebooks on the next day.

The students may expect you to be able to identify
everything they see. Very few biologists, however,
know the names or can recognize all of the organisms
in a sample of pond water, so don't feel badly if you
can't do that either. (The bibliography in the back of
the book will give some help if you wish tu 10llow up
the identification.) Make it clear to the student who
questions you that a name does not change the or-
ganism, nor does it make the organism any more
understandable or any easier to observe. In fact, a
name rarely has anything to do with what is im.
portant and unique about an organism. The students
may want to make up temporary, descriptive names
for some of the things seen in their aquariums. 1f
they do decide to assign names, you will want to
point out the need to be consistent. They must al-
ways use the agreed upon name when referring to a
given organism. You will also want to remind the
students that these names are for their current study
only and that the organisms have other names gen-
erally agreed upon by the scientific community. For
the interested students, you may make available
some of the reference materials listed in the bibli-
ography.

When the students have completed their initial ob-
servations, they should cap their aquariums loosely
or place pieces of construction paper over the jars
to prevent evaporation. When the materials are put
away, encourage the students to share their observa-
tions with one another. They might enjoy describing
what they saw or perhaps they could draw some of
the organisms on the board for others to see. Even-
tually the students must come to a point of agree-
ment among themselves about what they see. This
means that each stucent must be able to recognize
an organism as being of the same lype that other
class members have seen.

8



{i. Continued Observation

At this point you might want to have the students
inspect thewr samples under microscopes as well as
with hand lenses. Parts of several days should be
spentin casual observations of the water. During this
time the students will become ftamiliar with their
samples, will begin to recognize organisms they have
seen belore, and will accustom themseives to the
use of the microscope and magnitying glass as ob-
servation aids. Encourage them to make large draw-
ings of what they see. especially of the forms which
they find commonly from day to day.

Proper use of the microscope should become 2
class goa! during this period. Your own famitiarity
with a microscope will be halpful to those who can-
not seem {o get the “knack"” of it. 1t would be a good
1idea for you to spend some time making your own
observathions in order to anticipate problems the
students might encounter with the n.croscopes.

Often students have difficulty distinguishing be-
tween air bubbles, scratches on a slide or cover slip,
and living organisms. Remind them that few living
organisms are perfectly round (as opposed to air
bubbles) or pertfectly straight (as with some scratch-
es).

Learning to use microscopes involves caring for
them properly. Students should clean them before
and after use. learn to carry them properly, and
shouid not abuse them,

In addition to learning the use of the microscope
for purposes of observation, the students should be
introduced to some other useful techniques. In sur-
veying the water for smaller organisms, special meth-
ods must be used to slow down the movement of the
organisms. Methy! celiuiose is a chemical which re-
tards motion. If one drop of this solution and one
drop of the water to be chserved are put together on
a slide, the desired slowing effect will be achieved.
¥ methy! cellulose is not available, threads plucked
trom cotton and applied tc a slide are also effective
in trapping scme of the larger microorganisms. Yave
the students experiment to find the amount ot cotton
required.

Students should recognize that examinations of
the water are most easily made when the quantity
used is no more than a single drop. Soda straws are
exceilent sampling devices for this purpose. Stu-
dents should practice {with tap water) obtaining a
singie drop from a straw sampler. Have them do this
by placing the straw partly into the water and then
putting one finger over the open end of the straw
before lifting the straw from the water. For some
students, cutting a straw in half makes it a more
manageable device.

In this unit, mention has been made briefly of
having the students make drawings and note de-
scniptions of the things they discover.in their aquar-
iums. Often, Jwever, these kinds of activities can
Secome the focus of attention rather than aids to
investigation. The students should understand that
records are kept simply because one can't always
recall everything. Records are reminders; they are
written evidence of observations and they provide
students with source material for visual communica-
tion with one another. Therefore, it would be heiptul
to begin the develcpment of a “gallery” of orga-
nisms—-pictures of the forms seen by the students.
As these are produced, they may be posted on the
bulletin board ard used as references during class
discussion. in the back of the book on page 14, there
are sketches of some of the more common orga-
nisms which students might find in their samples.
You might want to check these for refere.ce.

Maintaining notebooks on a day to day basis will
help students keep track of those events occurring
in their cultures which can’t be drawn easily. Color,
odor and turbidity {cloudy, clear) are changes in the
water which the students should note deily. Even-
tually, written records should be standardized s>
that each student will collect the same kind of infor-
mation.

Much of the students’ observation may be done
without your direct help. The excitement of ¢ .plo-
ration and discovery should keep the students inter-
ested for at least a week. You may expect a great
deal of tasual sharing of observations and discov-
eries—most students want others to see what they
have found. Encourage them to share their findings
with others and you.

9



BEST CCo¢ MVAILNBUL

Planned Investigation

MATERIALS
rice brewer's yoast obreal

i. Predictions

Atter several days or a week of casual observation,
some of the students il ask what to dJo with the
pond water. A tew nught suggest some expeniments.
Others will want to feed the organisms. When you
teel most of the class is ready to become invoived
in mere directed study. it will be time te introduce
them te several procedures for investigating the
change or succession that takes place in their aquar-
ums.,

Excenments can be inconclusive it they are not
conducted in a systematic way. On the other hand.
expenments suggested and controlled by you may
prove to be unexciting to the student whose interests
lie elsewkere. Your role, then. will be to exert only
that degree of control required to get results—but
not too much to interfere with the naturat interests of
the students.

One way to maintain interest would be to encour-
age the students to conduct experiments of their
own choosing while they are involved in the suc-
cession study. In addition. have them discuss their
succtsnion data from time to time, noting some
of tha changes which have occurred. If you maintain
your own micro-aquarium you can determine the
timing of such discussions. When you observe a
rather dramatic event such as an overnight change
in nuimbers or a sudden appearance of many new
forms, find out what is happening in the students’
cultures. You may also expect *he students to raise
questions about some changes they have observed.
Use these discussion sessions to maintain interest
and excitement.

The day before the class begins the more syste-
matic study, have the students feed each culture
with several grains of rice, or a pinch of brewer’s dry
yeast, or a few (3-4) flakes of cereal. (They should
use only one type of food per sample)) After this
initial feeding do not have the students feed them
again. Ask the students to predict what will happen
now that the organisms have been fed.

In order that the students obtain meaningful infor-
mation about what happens to populations of orga-
nisms in their samples of pond water. they will need
to sample the populations in a systematic way. The
next section, “Sampling,” outlines some important
points you will want to go over with the students as
they develop their own sampling procedures.

il. Sampling

The micro-aquariums which the members of the
class have set up are small representations of nat-
ural habitats. Using the sampling procedures which
follow, the students will see that populations—or the
numbers of organisms in the aquariums—change
over a period of time. These changes are related to
many factors, including availability of food, the fact
that one organism might eat another, availability of
heat, light, moisture, chemicals, and so forth.

As mentioned in the iniroduction to this unit, suc-
cession involves a change in numbers and types of
community members. Casual observation can reveal
changes in numbers of organisms in the students’
samples. The water will turn cloudy when many forms
are present and it will clear when they die. General
observations, however, are not sufficient tor knowing
which form “bloomed" suddenly or which form died.
Also, growth and/or death could occur in one part of
an aguarium but rot in another. Again, this will not
be apparent through casual observation. Therefore,
in order to discover more exactly the nature of a
change, each aguarium must be sampled carefully
and systematically.

it samples are drawn from different parts of the
culture {e.g. the top and the bottom of a jar), the
samples are apt to yield different types of organisms
as well as different numbers of those types. ldeally,
to get an overall picture of what's going on through-
out the whole aguarium, the most accurate method
of sampling would involve actually taking samples
from different parts of the culture. But for the stu-
dents, this could become rather tedious. For purposes
of this study, it would be suitable for them to deter-
mine the most populous portion of their cultures
and then limit their saraple-taking to that area only.

To introduce to the students the importance of
standardized sampling, have them recall the predic-
tions they have made about what might happen if
the cultures were fed. Ask how they will know it

10 ’



sometiunge has bappened Why do they think at maight
he g caod wdea to tallos the eyents an the culture tor
severdi wechs? How would each student propose to
do this? You will want to ehcit suggestions for a
standard samphng method as part of the student's
proposed study. For instance, it they supgest the
cultures be examined every day. you could ask how
they would examire them. Can they possibly ex-
amine the enlire contents or. it not, what part could
be checked? Have they any ideas about a "best” part
of theur culture?* Ask it the “best” part would be
where many or tew organisms are found.

Perhaps “hestnesy”™ can now be deternmuned if
each student caretully draws samples from relatively
distinct areas within tus aquarium. These areas might
be the top. middle, and bottom portions. Another
area might be somewhere in the midst of the debris.
Area samphng can be accomplished easily by piac-
ing a finger over the top of the straw sampler before
inserting 1t an the culture and keeping the finger
across the top until the straw reaches the desired
spot in the culture. At this point the finger should
be removed for a moment and then placed back
across the opening. Then the straw should be re-
moved. The straw should now contain a sample of
the culture taken from the desired spot in the aqua-
num.

Once the samples are drawn it will be the resgonsi-
bility of the students to evaluate them. Ask such
questions as “Where are the greatest numb:rs of
organisms found?” or “Which spot seems to contain
the greatest var-ety of organisms?” In order to evalu-
ate their samples, each student will want to make
shdes from water taken at different points in his
aquarium and observe his slides under a micro-
scope. This activity will raise some questions about
why the organisms “prefer” one spot to another.
Suggest to those interested that they try experi-
menting with some other water to see if they could
discover possible explanations,

For the population estimation procedures whic.,
foliow, each student. individually, should agree to
take all his samples only from that spot in his own
aquarium which he considers “best.” it is assumed
that the spot which each student chooses will con-
tain a diversity of forms occurring in relatively large
numbers. A student whose aguarium is a guart jar
might decide that his best sample area is that spot

* “Best” is an arbitrary word. We have used it be-
cause students generally think in a qualitative rather
than quantitative fashion, although they may be ir
tending a Qquantitative description. When they de-
termine what “bestness” entails, another descriptive
word or phrase should be substituted {e.g., “most
dense.”)

just below the 'vater line, in the center of the water
surface. Another student mught discover that the
same depth i1s night, but that his best spot is near
one side of the jar at a point he might mark with a
grease pencil or piece of tape. Again. no matter
which place the individual student chooses, all of
his samples in the following activities should come
from that same spot.

This method for determining a means of sampling
and choice of site is a compromise. 1ts 3im is to have
the students recognize the need to standardize the
sampling procedure. By taking samples from the
same spot in his aquarium over a period of time,
each student will have a better chance of detecting
changes which occur in the populations of organisms
in that sample area. In other words, each student will
be able to observe, to some extent, natural selection
and succession in a small community. At the end of
this investigation, ask the students what they might
have tound if they had chosen different spots to
sample each day.

111, Population Estimation

After the class has determined a sampling spot
and a procedure, a method must be devised for esti-
mating the numbers of individual organisms in each
sample. The purpose of making population estimates
is to help each student determine when and if
changes are occurring in the numbers of organisms
in a particular section of his aquarium. The pro-
cedures for estimating need not be too precise, but
they should be reliable enough to indicate clearly
when a population change occurs.

11
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The following secthion outlines 3 method for esti-
mating numbers ot urpamsms by using arbitrary
standards. This method would probably be most
workable with younger children. Older students
should suggest their own methods. Any estimating
procedure will be appropriate as long as it is fairly
accurate and can reflect trends in population growth
and decline.

Estimating by using arbitrary standards

Observe the drawings below:

All of these drawings represent different views of
slides which might be made from a single pond water
aguarium sampled on different days, at the same spot
in the aquarium. The slides are not in any particular
order. All views are at the same magnification. The
views are not intended to represent specific kinds
of organisms. Rather. they are meant to represent
various degrees of density (or total population) that
might be noted in different samples.

Sketch similar drawings on the blackboard for the
studants to observe. You might ask them what they
think the drawings represent. Once the general
meaning of the sketches is understood, ask the
¢lass to put them into some kind of order.

There are several possible ways to order the draw-
ings. One way would involve ordering on the basis of
the number of a certain type of organism. Probably
the most obvious method would be to order them
according to the total number of ail forms contained
in each field of view. If the four drawings were or-
dered on this basis of total numbers, ranging from
fewest to most, the order would be approximately
DBCA.

Now have each student prepare a slide from his
sample area. All microscopes should be adjusted to
the same magnification. Next have the students
estimate how many forms they can see. (Guesses will
vary widely both with samples and with the students’
ability to estimate.) The estimates should be re-
corded. Now have the students readjust their micro-

scopes to a higher magnification. Again ask the stu-
dents to estimate how many organisms they see.
(Estimates should be lower this time.)

ASK THE STUDENTS:

It you had to make daily estimations, which power
would you use?

is the choice of a specific power important? (Prob-
ably not, except that at higher magnifications fewer
organisms are seen, making estimates easier.)

Do you think it"s more important to choose a speci-
fic power each time or to standardize the magnifica-
tion so that the field size is the same each time
estimates are made? Why?

Return to the idea of ordering the drawings. Have
the students select a magnification which seems to
be the best for making estimates. After they are
focused on a field, ask them lo compare what they
see with one of the drawings on the board. They must
think in terms of the density—or total rumbers—of
organisms. Do they see very few or many organisms?
Ask the students which blackboard drawing they
think is the most representative of their field of view.
After they have decided, suggest that they check one
another's samples. Provide time for checking and
comparing. Each student will have looked through
his microscope and then selected from the board
the view he feels is “"most representative” of his own
field of view. To what extent do the students seem
to agree with each other's choices? Give the students
a short time to discuss their choices among them-
selves. Discussion should further help to acquaint
the students with the procedure of choosing the
“most representative” view.

The class has now been provided with one
means of estimating total population of all organisms
in a drop of water from a pond water aquarium. In
the days ahead, as outlined in the “Kesping Rec-
ords” section which follows, you wiil want to have
each student take a water sample from the sample
area of his aquarium, make a slide, and estimate
total population. If your students are using the draw-
ings you have put on the board for making their esti-
mates, they should check the population in their
sample area every day or two and then compare what
they see with the drawings. Each student should de-
termine which drawing most closely resembles the
population in the sample area of his aquarium on the
various days. By doing this for a numbar of days, they
should sach have a record of relative increases or de-
creases of population in their sample area.

In addition to recording changes in total popula-
tion, you will want the students to make estimates of
the numbers of particular types of orgariisms when
compared to all other types in a mixture. Few slides
will show only one kind of organism. Instead, several
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kinds will probably be visible on the slides. The key
to estimating relative numbers of particular or-
ganisms and comparing these to the total population
lies in the student’s abilities to distinguish between
varieties. Sometimes this is not easy to do, so you
won't be able to ir sist on a great deal ot proficiency.
Absolute classification is neither necessary nor ce-
sired for this investigation. It is important, however,
for the students to be familiar enough with the or-
ganisms so that they can make a fairly good guess
as to which one is the most abundant at a given time.
In order to make this process less complicated, the
identification of each type of organism can be rela-
tive. For example, all “tiny” forms might be counted
as one type. All forms having similar characteristics
such as legs, “feelers,” etc. could together constitute
another type.

V. Keeping Records

Over the next several weeks the students will be
taking samples, making slides, and looking at those
slides under the microscope to detect changes in
numbers and types of organisms. After a period of
time, some of the students should be zble to notice
patterns of succession. Each student should keep
records of all his observations. The records should
consist of severai ilems: (1) date, {2) types of orga-
nisms observed and their relative numbers, (3) de-
scription or notes about the total population, and (4)
general observations of the water.

The simplest method for keeping the records is to
construct a data chart where observations are
entered at the appropriate place on the days when
observations are made,

The students may decide to take a sample every
day, or once every two or three days. Femind each
child that on each day he wishes to sample his popu-
lation, he w™| have to take a fresh water sample
from his aquarium sample area, make a new slide,
and then record his findings for that particular da* .

In the bacx of the book, on pages 15 through 20,
we have presuented drawings of six possible micro-
scope views. The drawings show the kinds of or-
ganisms that might be found if you were to take sam-
ples from a single aquarium over a period of time.
As indicated earlier, there is no way to predict
exactly what organisms will be found in a given
aquarium. Thus, the six drawings represent only
reasonable possibilities. They are included in the
unit to illustrate the kinds of drawings students
might make as well as the kinds of written data thay
would record. Seen as a group, the six drawings con-
stitute one pattern of events that might take place in
a single aquarium over a period of three to four
weeks. On page 13 is a blank data sheet which you
can use for duplicating copies .0 give the students
for their own studies.
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Refer for a moment to the drawing and chart on
page 15. Under the heading "Organisms Observed,”
the children would enter the designations they
have chosen for commonly appearing organisms.
The students may want to use descriptive words or
drawings. If they decide to assign names to the
organisms for use during the study, they should
agree on names which will be used by all the stu-
dents in designating each particular type of orga-
nism. Under the column headed “Number,” any
terms descriptive of quantity may be used. Under
“Description of Population,” the students may
either describe changes they note in the total popu-
lation or they may designate one of the “represents-
tive drawings” (see page 9) which most closely re-
sembles the density of their populations on a given
day. The final column is included so that some cor-
relations between populations and water conditions
can be made at the conclusion of the unit.

Discussion of Results

You will have to use your judgment as to when the
investigation should be concluded. Four to five weeks
is an average time period for having the students
take samples. Check the students’ records from time
to time to see if changes are taking place. When you
fee: there are enough changes to illustrate the point
that succession occurs, you should begin a discus-
sion of the results. Refer to the initial predictions the
students made after the cultures were fed. Did any-
one tind his prediction to be correct or close?

During ihe discussion the children will want to re-
port their findings. As they relate what they have
found, try to discover whether tnhey noticed any cycle
of avents occurring.

You might bring out this idea of cycles by having
each student report his results according to the daily
sequence of events. Ask: Beginning a day or two after
the cultures were fed, what happened? And after
three or four days? etc. As reports are made, check
to see how many students found the same or similar
events happening at the same time. Record their re-
ports on the board so that the students may see one
another's resuits.

The major point to bring out in class discussion is
that change occurred. In fact, two types of change
may have been observed: {1) changes in total num-
bers of organisms, and (2) changes in types of or-
ganisms. Ask: Did there seem to be any pattern or
ssquence to the changes?

1t is difficult to predict what type of pattern may
have emerged because the factors which would affect
that pattern vary widely from class to class and de-
pend to a great extent upon the contents of the water
samples. But some sort of generalized pattern will
exist. Many investigators have found the following
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sequence to be characteristic of th. events observed

in their studies:

1. Imtial phase before feeding. a few tiny organisms
plus some larger multicelluiar forms. Water clear.

2. After feeding. profusion of the very tiny orga-
nisms. Water turns cloudy.

3. Several days later; appearance of larger single-
celled forms. Water turn.ag clearer.

4. One week to ten days alter feeding; predomi-
nance of large single-celled forms such as the
Paramecium and related organisms.

5. Three weeks after feeding; beginning of mixed
form stage. Water clear, tfewer Paramecia and in-
creasing numbers of larger multiceliular forms
such as rotifers, small crustaceans, etc.

6. Month later; mixed popuiation, fewer numbers of
everything. This stage resembles the initial phase.

The above is a very genera) description of what
migint have happened. It is by no means the only
sequence of events possibie. Some of the phases
may not have appeared in your class samples; others
may have lasted for a considerably longer or shorter
period of time; and, lastly, there may not have been
any obvious phasing at all.

Once all the data are put in a generalized form and
made clear to the class, ask the students what would
happen if they fed their cuitures again and foliowed
events much as they have in the previous activities.

ASK THE STUDENTS:

if you were to feed the cultures again, do you think
you \ouid see similar things happening?

Do you think the pond has changed since w2 were
therg?

Should we expect the events in the micro-aguariums
to mirror those in the pond?

What are some of tha important conditions of life in
the pond which are not present in the micro-aquar-
iums? (The students should be aware of the fact that
natural conditions of existence cannot be wholly
duplicated in the classroom. But they wouid be cor-
rect in suggesting that the kinds of things which
haopen ir. the natural setting are similar to thuse in
the classroom aquariums.)

Is change characteristic of ponds alons or is it ob-
servable in other parts of the natural world?

What are some other sxamples of change yo. have
observad?

Perhaps the most common and dramatic changes
which the students will think of are seasonal ones.
These are good examples of change since they are
predictable and recurrent. In this sense, seasonal
changes are similar to the cyclic changes which
occur among pond organisms.

Through discussion the students should become
aware of the concept of change and how it relates to

events in the natural community. You could also ex-
tend the discussion 10 ‘nclude man-made communi-
ties. Finally, we class might observe and describe
changes in other micro-communities such as rotting
logs, forest floor litter, or other decaying vegetable
matter.

Additional Investigations

Below are some further investigations some of
your students may want to try.

I. Altering the Environmental Conditions

A. Light (keep cultures in the dark)

B. Temperature (raintain some cultures in a
refrigerator)

C. Condition of the water (see what eifect the
addition oy a pinch of baking soda hias on the
successional pattern)

D. Food supply (see if too much food will adversely
affect a culture)

E. Air (observe the eveats in a tightly capped
micro-aguarium)

I, Investigating a Single Organism

IN. Investigating Other Events
in the Aquarium

A. Food chains

B. Growth and reproduction of organisms
€. Role of plant life

D. Behavior of larger forms

Bibliography

The following books contain pictures and descrip-
tions of many micro-organisms; you may find them
usefu! references for both yourself and the class.

Basic Ecology, Buchsbaum, Ralph and Mildred.
Pittsburgh: Boxwood Press. 1957.

Taxonomic Keys To Common Animalis of the North
Central States. Eddy, Samue! ard A. C, Hodson,
Minneapolis: Burgess Publishing Co. 1967.

A Guide to the Study of « . _shwater Biology, Need-
ham, ). G. and P. R. San Francisco: Holden-Day.
1962.

Instru.: onal materials which could also be used in

conjunction with this lesson are:

Pond Water. (An Elementary Science Study Unit,
Educaticnal Development Center, Newton, Mass.),

Small Things. (Another Flementary Science Study
Unit) St. Louis: Webster Division, McGraw-Hill,
1967.

Organisms. (An institutional unit developed by the
Science Curriculum Improvement Study, Berkeley)
Boston: D.C. Heath and Co, 1968.
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The Back of the Book
|. Data Sheets

Water Sample Collection Card

Student Name

Date of Collection

Collection Site Description

Weather

Condition of Water

ERIC 15

Aruitoxt provided by Eic:



DAY

DATA CHART

Organtsms Water

ERIC .16 °




1. Drawings of Common Organisms  BEST COPY AVAILABLE

Flatworm

Amosgba

Roundworm




DAY 4 (after setting up micro-aquarium)

BEST COPY RVAILAR!!

Roundworm
\..\N—-—
Large ciliate 4 ;
{Paramecium) L e -
] rd
o
Flatworm _ \ { Small clliate
\ -]
\ \ [ 0 . ;
Debris _ - ¢ 174 .
, N e L"-l !
~N - ° 0
- . -
- ‘ l °
Flagellate 4 7 Bristle worm
LS
- N\
e about 50x
Copepod
{crustacean)
(cyclops)

All these organisms move about
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FED ONDAY 45

DAY 7-8 BEST COPY AVRILABLE

cloudy water from bacteria

about 50x

mixed population; dash-like orga-
nisms still most numerous—many,
many more than the previous reading.

or

must nearly resembles View A, except
that there are only a few oval forms.




DAY 11-12

BEST COPY AVAILABLE

i
“ L4

-"T N | - ';\:\
== SN n"’ “i\’ 7 -
- i: 4 - :J‘ 1!t "f""f\\
’\” 7 -\"—ji§-s*' )f{g &’ oia - A <.

\ » > - - Ny, » ‘\f’ ’\’\\‘—‘
7, 1.~ -\ - 0 \ ! ' g~ v‘,.‘
-

about 50x

many mixed population; dashlike orga-
nisms still most numerous; oval forms
several increasing in number.

lots or

and lots .
now closely resembies View A.




DAY 15-16

about 50x

mixed population; dash-like orga-
nisms decreasing in number; many
oval forms; increasing number of cir-
cular forms.

clearer

or

most closely resembles View C, ex-
cept more dashes than in View C, plus
large number of circular forms.
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DAY 19-20 BEST COPY AVARLABLE

about 50x

mixed population; all forms decreas-
ing in number; oval and circular forms
most numerous.

several

or

several

most closely resembles View B.

several

one
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DAY 23 50

about 50x

Qrganismas ‘ 3 Wahv
Obs erve 3 . Dascriplion of Population Conditions
£ d * N

reappaarad s

most closaly’ membm v:w ﬁ exa .;
ceptthat themaresewa!wa: forms N N




THE ENVIRONMENTAL UNITS

Below is a list cf the first titles in the Environmental Discovery Series.
The ones with order numbers next to them are available as of August, 1972,
The others are in preparation and will be available in the coming weeks.
Also, ten additional units will be announced soon.

Next to the titles, we have suggested the grades for which each is most
appropriate. We emphasize that these are suggested grade levels. The
teacher is encouraged to adapt the activities to a wide range of grade levels,
and subject areas depending upon the interests and abilities of the students.

Order Grade Order Grade

Neo. Title Level  Price No. Title Level Price
79007  Plants in the Classroom 3.6 $1.50 79123 G;mtit Variation 49 $1.50
79010 Vacant Lot Studies 59 1.50 79132 Soil 29 1.50
79025 Didferences in Living Things 3-8 1.00 79141  Tile Patterns and Graphs 12 1.00
79034  Shadows 1-8 1.00 79150  Plant Puzzles 1-6 1.50
79043 Wind 3-8 1.50 79169  Brine Shrimp and Their Habitat 1-5 1.50
79052 Snow and ke 1-6 1.50 79178  Nature's Part in Ant 36 1.50
79001  Man's Habitat— The City 49 1.50 79212 Contour Mapping 4.9 1.50
79070  Fish and Water Temperature 4-9 1.50 79187 Change in a Small Ecosystem 5.9 1.50
79089 Oaks, Acorns, Climate and Squirrels 1-6 1.50 Transect Studies 3.0

79105  Nature Hunt Spec. Ed. KA1 1.00 Stream Profiles 49

79098 Sampling Button Populations 39 1.00 Color and Change K-2

79113  The Rise and Fall of a Yeast Community  6-9 1.00 Outdoor Fun for Students 1-12

If you would like a free brochurs describing activities in the individus] units, write:

Tho National Wildiite Federation
Educationsl Servicing
1412 18th Street, N.W.

Washington, D. C. 20038

RN DR AN GNIDR Rl
Written and developed by:
John Cary Stone Edmund Bray Edward Landin
james D. Davis Barbara Clark Richard Myshak
Kathleen DiBlasio Robert Collins Michael Naylon
Wendy Kay Joann Current Robert O'Hara
B. J. Mitchell john Heitkamp Noreen Teachout
Phil Nicholson David Jones Carl Vogt
Tom L. Smith
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NATIONAL WILDLIFE FEDERATION
1312 Sixteenth Street, N.W.
Washington, D.C. 20036
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